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20 April, 1909. 
JAMES  CHARLES INGLIS, President? 

in  the Chair. 

It was  resolved-That Messrs. E. R. Dolby, C. 0. Grimshaw, 
F. Hudleston, E. W. Monkhouse, B. Mott, A. W. Szlumper, J. J. 
Webster  and L. S. Zachariasen be appointed to  act  as  Scrutineers, 
in accordance  with the By-laws, of the Ballot for the election of the 
Council for the year 1909-1910. 

(Paper No. 3800.) 

“ The ‘ New York Times ’ Building.” 
By CORYDON TYLER PURDY, M. Inst. C.E. 

EARLY in  the  year 1902, the proprietors of the New York Times, one 
of the leading  newspapers of the City of New York,  determined 
to move from the newspaper district  near  the  City  Hall  to  quarters 
in  the newer part of the  city.  The  site selected for  the new building 
is bounded  on the  north  and  south by Forty-third  and Forty-second 
Streets,  and  on  the  east  and west by Broadway and  Seventh  Avenue. 
The  underground  railway,’  in  curving  from  Forty-second  Street  into 
Broadway, crosses the  north end of the  property, passing  through 
the building  (Fig. 1, Plate 3). 

It is the purpose of this  Paper  to describe the building, and  to 
discuss the special features of its steel construction due  to  the 
existence and  operation of the Underground  Railway. 

GENERAL  DESCRIPTION OF THE BUILDING. 

The  length of the block from north to south is 137 feet 9 inches, 
and  the  width at   the south  end is 58 feet 4 inches, while the  width 
at  the  north end is only 20 feet. I n  New York,  property-owners 
:we ordinarily  permitted to incorporate the space under  a  sidewalk 
with the  substructure portion of a  building The sidewalk in 
Forty-second Street is 30 feet wide, and  in Broadway and  Seventh 
Avenue it is 20 feet wide. Thus the  area available for the under- 

1 W. B. Parsons, “The New York Rapid  Transit Subway.” Minutes of 
Proceedings Inst. C.E., vol. clxuiii, p. 83. 
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ground floors in this building, not deducting the space required 
for the subway, is  about  three  times  as large as  the  area available 
above  ground. 

The first  sixteen  stories above the sidewalk cover the  entire  area 
of the block ; but  the upper  stories cover only the  southern hnlf of 
the building,  forming what  is commonly referred to  as “ the tower.” 
Twenty-five floors in all are used for business purposes, and  the  top 
floor is used for  storage and water-tanks. The total floor-area is 
about 116,000 square  feet,  and  the  total contents, no t  including the 
space  occupied  by the subway, is about 2,242,000 cubic feet. 

The  height of the building  from the sidewalk to  the roof of 
the  twenty-third  story  is 329 feet,  and above this  is  an observatory 
and  lantern,  the roof of which is 30 feet higher. The basement 
stories  extend 48 feet below the level of the sidewalk. 

Besides a business ofice on the ground floor, the New York Times 
occupies two  stories below the  ground  and  the  entire building above 
the twelfth  story.  The press-room is in  the lowest story, which 
has a 20-foot ceiling  under the subway. The  rest of the building is 
rented  for offices and stores.  The  Times  Square station for the 
underground  railway  is  situated  partially  under  the sidewalk  on the 
east  side of the Times building, and one of the principal  entrances 
to  the  station is through the basement of the building. 

The lines of the  structure  are heavy, the window-area is less than 
is usual in modern  American  buildings, and  the  exterior walls,  which 
are finished fapades, are  built of brick solidly laid in cement  mortar. 
I n  the  three lower stories  these walls are finished with  Indianalime- 
stone ; but above the  fourth floor the finish is of a cream-white 
pressed brick with  terra-cotta  trimmings, except that terra-cotta is 
used without  brick  for  all the heavy  ornamental  work in  the upper 
part of the building, and  for  all exposed surfaces in the tower. 

All the  structural  steel in the building is covered and protected 
with  terra-cotta  material  laid in cement  mortar.  The floors are 
made of hollow semi-porous terra-cotta blocks,  which form  flat  arches 
between the  steel beams, and completely enclose them  underneath 
and  on  the sides. These  arches  are covered with a course of concrete, 
in which the electric  conduits and  the gas- and water-pipes are 
embedded, underneath  the finished floor. The  interior columns are 
covered with hollow terra-cotta blocks, and  all  the  partitions  are 
of the same  material. 

The building is served to  the  sixteenth floor  by four high-speed 
electric  elevators, each capable of carrying  sixteen persons. Two of 
tbese elevators run  to  the top  story of the tower. The building is 
heated by steam,  with  direct  radiation in every room, snd is lighted 
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by electricity  which is furnished by a supply-company.  The  building 
was not equipped with  plant  for  generating its own electric current, 
because the space was required  for  other  purposes,  and also because 
a lower temperature could  be more easily maintained in  the 
basement  stories  by  obtaining current from outside. 

The  design of the steel-frame  construction  conforms  to  the  best 
standards of such  work in  the  United  States,  and  in most  respects is 
representative of work in  other buildings. I n  some particulars, how- 
ever, the  nature of the building called for  work of an exceptional 
character. Of these special features the most important is, with- 
out question, the unusual  arrangement of the construction,  and the 
dificult  details required  on  account of the Subway  passing through 
the  north end of the building.  The  complication  due to  this  fact 
was appreciated  from the first,  and had to be reckoned  with in 
taking  title to the  property. 

The Subway Problem-Both the Times Company and  the  City 
had special interests which  required  protection. Two things were 
required :- 

First, it was necessary that  the plan for the combined structures 
should be arranged so that  the owners of the building  should  have 
no  responsibility  for the design or maintenance of the Subway,  and 
the City of New York should  likewise  have  no  responsibility for 
the design or maintenance of the building. 

Secondly, the question of protecting  the  building from any 
vibratory effects, due  to  trains passing  through the subway, was 
also involved. At  least it was required that every possible care 
should be exercised in  the construction of the subway, to protect the 
building  from  such effects. 

With a view to meet  these  requirements, the general scheme and 
specification embodied the principle that  the columns  supporting the 
building  were to be as far as possible independent of the subway 
railroad  construction ; and  the subway  construction was to be as far 
as possible independent of the building. 

The sizes, sections and dimensions of all the subway  construction, 
including the foundations,  were to be determined by the City. 

The  arrangement of the columns and  girders of the building, and of 
all  matters  pertaining  thereto, were to be determined by the owner, 
it being  agreed, however, that  the columns  supporting the building 
over the subway  should be  placed in a line midway  between the 
tracks,  and that  the width of these  columns at right-angles  to the 
track should not exceed 16 inches. The  columns  were to be pro- 
tected by suitable  guard-rails to prevent  damage  from  derailed  trains. 

The desi,gn for  both  the subway  construction  and  the  building 
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was carried  out  under  these conditions, and  the independence of 
the two systems and  other  points provided for in  the specifica- 
tion were maintained without  alteration. 

Foundations.-Most  of the excavation for  the  building was made 
in rock of granitic  character, which had to be quarried  out at 
great expense. The foundations rest  directly  upon  this rock forma- 
tion.  The  entire weight of the building  from  the bottom  upwards 
is borne upon columns, and  the loads carried  on  their  footings 
were calculated and  distributed at the  rate of 18 tons’ of dead and 
live load per  square  foot of footing-area.  On  account of the special 
bracing designed to resist  wind-strains, where wind loads occurred, 
this  area w<m increased so :W to  limit  the  rate of loading for 
combined dead, live and wind loads to 26.8 tons per square  foot. 
I n  all cases but one, the  distribution was  effected with  cast bases 
resting on granite footing-stones. In   the exceptional case, under 
column No. 13, two tiers of 24-inch grillage-beams were used instead 
of the  granite. I n  each  case the  granitic bottom was  levelled off with 
a rich  Portland-cement concrete, on which the  granite  footing-stone 
was  bedded with  cement  grouting. Where two of these  footing- 
stones were used, one on  top of the  other,  the upper was bedded 
upon the lower in a similar way. Pigs. 2, 3 and 4, Plate 3, 
show the bases of columns Nos. 1, G and 13 respectively. 

The subway structure  within  the  lines of the property is also 
carried  on columns,  which reach down to  the level of the foundations 
of the building. These columns are divided into two classes : those 
having a built-up section which carry  the floor-girders, and those 
which carry  the  ends of the floor-stringers along the  line of the 
retaining-wall  (Fig. 5, Plate 3). 

These latter columns or struts  are composed of single beams and 
are embedded in  the wall. Each  carries a very  small load, and 
only a simple footing of concrete in  the wall  was required. Special 
provision,  however, is made for  the  footings of the larger subway- 
columns. A hole was excavated in  the rock for each  one, 
at least a foot  larger  on  all sides, and deeper than was required  for 
the foundation. This space was  filled with clean sand on which the 
footing of concrete was constructed. I n  several cases the close 
proximity of the subway foundations to those of the building 
required the use of grillage-beams, as in column No. 13 (Fig. 4). 

Waterproojng of Underground Stories.-The waterproofing of the 
basement extends  without  any opening or break  over the  entire 
area of the building,  and  in  the  retaining-walls on all sides up  to 

* The  English  ton of 2,240 pounds is the one used throughout this Paper. 
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the level of the  street.  This waterproofing course consists of several 
layers of felt  and  burlap  laid  in  hot  asphalt, except where it passes 
through  underneath  the  cast base of a column, where sheet-copper is 
used instead.  Everywhere this waterproofing course is embedded 
in  the concrete and wall-construction. I ts  position  is  indicated in 
Fig. 5, in  the section of the walls. Openings were left  in  the 
rubble work on the outside of the retaining-walls, to deal with  any 
water  seeping through fissures in  the rock-formation, or  penetrating 
from  the surface, and  to conduct it to a drain-pipe which  was 
laid  entirely  around  the  building  in  the foundations of the  retaining- 
walls, and  outside of the waterproofing course. The  drain-pipe was 
in  turn connected with a system of other  drain-pipes  laid in trenches, 
these  extending from  all sides to  an ejector-system  situated  in a pit 
below the floor and  inside of the waterproofing course. With  this 
arrangement  all  the  water coming in  contact  with  the  subterranean 
structure of the building,  either walls or floor,  flows from the 
outside  through the waterproofing course into  the  interior of the 
building,  where it is  lifted by the ejector-system and  carried  out 
into  the public sewers. Outside  pressure being thus prevented 
from coming upon either  the  retaining-walls  or  the floors, it is 
possible to  construct  them of moderate thickness, as shown. Further, 
a perfectly water-tight  interior is ensured in all rooms and spaces 
below the level of the  street.  The ejector-system is also  employed 
to pump the sewerage from the basement stories of the building 
into  the street-sewers. 

Loads and Loading.-In calculating the weight and  character of 
the  material  required  for  the members of the  structural  steel 
frame,  three  distinct classes of loading were considered, namely, 
dead, live and wind loads. The dead loads include  the weight of 
all the materials  entering  into  the  construction of the building  with 
the exception of the  partitions which, being movable, are commonly 
taken as live loads. In   the  Times building  they  are  taken as dead 
load to  the  extent of 10 lbs. per square  foot of floor-surface, the 
remainder  being considered M live load. 

The weight of the floors  was taken  at 85 lbs. per  square  foot 
divided thus :- 

LbS. 
Structural iron . . . . . . . . . . .  10 
12-inch deep terra-cotta arch . . . . . . .  38 
Plastered ceiling . . . . . . . . . .  5 
Concrete filling over arch . . . . . . . .  18 
Wood-floor finish . . . . . . . . . .  4 
Allowance for partitions . . . . . . . .  10 

Total 85 
- 

. . .  
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The live loads, which included the weight of furniture, machinery, 
goods and people, were  assumed arbitrarily  as follows :- 

Sub-basement  floor . . . . . . . .  250 Ibs. per  square foot. 
Basement-floor . . . . . . . . .  150 9 ,  . . . . . .  
Sidewalk . . . . . . . . . . .  300 . . . .  >) .. 
First floor . . . . . . . . . .  150 . . . . . . . .  
All other floors . . . . . . . . .  90 . . . . . . . .  
Roof . . . . . . . . . . . .  50 .. 9 ,  . . . .  

The  building-law  requires an allowance of 75 lbs.  of live load 
per  square  foot  on office-floors. The  loading allowed for  on  these 
floors is thus  in excess of that required  by law. 

All the beams and  girders in  the floors are calculated for the 
combined live and  dead load, as follows :- 

Subbasement floor . . . . . . . .  335 lbs. per s c p r e  foot. 
Basement floor . . . . . . . . .  235 ,, . . . . . .  
Sidewalk . . . . . . . . . . .  450 . . . . . . . .  
First floor . . . . . . . . . .  235 . . . . . . . .  
Typical floors . . . . . . . . . .  175 . . . . . . . .  
Roofs . . . . . . . . . . . .  125 . . . .  ,, .. 

The  columns are calculated to carry all of the dead  load and  part 
of the live load. I n  obtaining  these  column-loads  the  weight of the 
walls  was made the subject of one series of determinations, the 
weight of the floors another,  and  the weight of the column- 
material,  in each  case, and  its covering  a third.  Finally these were 
combined, and  the  results  are given on the column load-sheet. 

The  law  permits  a  reduction of the live loads  carried into columns 
as follows :- 

The  top  story  and  the  story below must be taken  without  change. 
The  next  story below may be reduced by 5 per cent., and each  succeed- 
ing story below that one may be likewise  reduced by 5 per cent., until 
the regular live load required  for  the  calculation of the floor-beams 
is  for  this purpose  reduced to one-half of the whole amount.  The 
same  reduction, that  is 50 per cent., is also allowed in  all  the 
remaining  stories in  the bottom of the building.  The total load per 
square  foot of floor-area, live and dead,  carried into  the columns 
at each  floor-level, is given in  the Table  on p. 191, the reduction in 
live  load  being  substantially as  just  stated. 

The  total column-loads  were  obtained by combining the  three  sets 
of determinations  as  shown in  the Table  on p. 192. 

No wind  loads are included in  the column-loads as given in  this 
Table.  The  law  requires that all structures  in New York  City exposed 
to wind shall be designed to  resist  a horizontal  wind-pressure of 30 1bs. 
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Roof  of towcr ,, . . . . 525 
Lbs. per sq. foot. 

2Yrd Floor in tower . . . . 1704 
22nd ,) 
21st ), 

,, . . . . 166 

20th ,, 
,, . . . . 1614 

19th ,, 
,, . . . . 157 

18th ,, 
,, . . . . 1524 

17th ,, 
,, . . . . 148 
,, . . . . 1434 

16th Floor under  tower. . . 278 
15th ,,  ,, ,, . . . 1344 
14th ,, ,, ,, . . . 130 
13th ,, ,, ,, . . . 130 
12th ,,  ,, . . . 130 
11th ,, ,, ,, . . . 130 
10th ,, ,, ,, . . . 130 
9th ,, ,, ,, . . . 130 
8th ,, ,, ,, . . . 130 
7th ,, ,, ,, . . . 130 

Roof northof  tower . . . . 125 

Lbs. per sq. foot. 
16th Floor  north of tower . . 350 
15th ,, . . 1704 
14th ,, . . l 66  
13th ,, . . 1614 
12th ,, . . 157 
11th ,, . . 1523 
10th ,, . . 148 
9th I ,  . . 1438 

7th ,. . . 1344 
6th ,, entire area . . 130 

4th ,, . . 130 
3rd ,. . . 130 
2nd ,, . . 130 
1st I ,  . . 160 

Basement . . 160 
Sub-basement ,, . . 210 
Press-room . .  0 

8th 9 ,  . . 139 

5th 9 ,  . . 130 

for  every  square  ,foot of surface thus exposed, and  that  the over- 
turning moment due  to wind-pressure shall not exceed 75 per  cent. 
of the moment of stability.  The  importance of special care in  this 
particular is, of course, great  in tall buildings  covering a compara- 
tively  small  ground-area.  When  the  buildings  are  not  tall or are 
comparatively  large  on the ground, the stiffness of the wall construc- 
tion alone  may be sufficient to resist  deformation. Good connections 
between beams and  girders,  and also between  these  members and 
the columns,  add  materially to  the stiffness of such buildings. When 
these  elements of strength  are  not sufficient to  resist  the effects of 
wind forces, whatever is required in addition  thereto  must be 
supplied by special provision in  the steel-frame  construction. 

I n  the Times building,  girders of unusual  depth  were used 
in  the floors, and  entirely  around the building in  the spandrel 
construction below the sixteenth floor. For the long way of the 
building  this affords sufficient strength,  but  additional  and more 
definite bracing was required to resist  deformation  from  east 
and west  winds.  Three special panels  were designed to meet 
this necessity. Sometimes,  owing to  the  irregularity of the 
ground-plan, or the way in which the  interior of a  building 
is divided,  such  bracing  cannot be symmetrically  arranged ; but 
in  the Times building its position is unusually satisfactory. The 
bracing in  the narrow  end of the building,  between columns Nos. 8 
and 9,’ is sufficient alone to withstand 24 lbs. per  square  foot of 

The positions of the columns  are shown  on Fig. 6, 
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horizontal  pressure  upon  the  part  extending  from that end of the 
building  half-way to  the  next panel  between  columns Nos. 4 and 21. 

The wind-pressure tributary  to each floor-line, and  the  shear at  
each,  were  determined  on this basis ; and these forces were  used in 
connection with  the loads  given  on the column  load-sheet for the 
final  determinations of the  sections of the columns, of the spandrel- 
girders  and of the bracing  connecting  them.  A  greater  load than 
24 lbs. per  square  foot would haveoccasioned  tension in  the columns. 
Indeed,  in  this case, owing to  the  irregularity of the construction 
below ground, some  possible tension  had to be provided for. 

Again,  the wind load resisted by the special bracing  between 
columns Nos. 3 and 20, and 4 and 21, is limited by the regular 
column-loads and is necessarily less than 24 lbs. per  square foot ; but 
the increased width of the building, the heavy  spandrel  construction 
in  the southerly  end,  and  other  elements of resistance quite compen- 
sate for the difference. 

It will  be seen, by reference to Figs. 7, Plate 3, that  the bracing 
is different in each of these  three panels. Spandrel-girder  and 
gusset-plate  construction  was the only thing possible between 
columns Nos. 8 and 9. Any  other  arrangement would have inter- 
fered  with  the windows. The diagonal  system employed between 
columns Nos. 4 and 21 is  the simplest and most  direct,  and 
there was nothing  in  the  arrangement of the building that 
prevented its use. Door-openings  required  a modified arrangement 
between  columns Nos. 3 and 20. 

The  overturning moment of 30 lbs. per  square  foot of wind- 
pressure  on the  entire surface of the  building  (taking  into account 
the dead load of the building  above  the  first floor only) is rather less 
than 25 per  cent. of its moment of stability.  The  total dead- 
weight of the building,  excluding the weight of the  retaining- 
walls, the press-room floor and  the foundations, is approximately 
33,611,000 lbs. (15,000 tons). 

Stresses and Calculations.-The maximum  bending-moment was 
oalculated for each beam in  the building, and a unit stress of 
16,000 lbs. per  square  inch in  the  outermost fibre was  allowed in 
determining the required sizes of rolled beams.  Similarly, a unit 
stress of 14,000 lbs. per  square  inch was  used in  determining  the 
flange-area  required  for the  built-up girders, and 9,000 lbs. per 
square inch was  used in shear.  A flat unit stress of 13,000 lbs. 
per  square  inch was used in  determining  the  section of columns 
carrying  concentric  or  nearly  concentric  dead  and  live loads. 
Additfond section was added for eccentric loads, wherever they 
occurred, sufficient to prevent an increase of unit stress.  The  sections 

[THE INST. C.E. VOL. CLXXVIII.] 0 
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of columns Nos. 3, 4, 8, 9, 20 and  21 were determined in  this way, 
without  taking  into account the special wind  loads  carried by these 
particular columns. The  direct  wind  load was then added to  the 
dead  and live loads, as given  on the column-sheet  already  referred to, 
and  the sections were again  determined  on  the basis of a unit  stress of 
19,500 lbs. per  square inch. The  higher of the two results was then 
taken  in each  case for the required sectional area. The sections fo r  
columns Nos. 3, 20, 8 and  9 had also to be increased to provide for  
the  bending caused by the braces used in  the connecting  members. 
I n  no case  was a column  stressed  more than 13,000 lbs. per square 
inch  without  wind load, nor  more than 19,500 lbs. per  square inch 
with it. 

The stresses due  to wind occur a t  rare  intervals,  and  the 
probability of the maximum  pressure  occurring over the  entire  area 
tributary  to  any one  system, and a t  any one  time, is extremely 
remote.  The legal provision is that  the ordinary  wind-stresses 
permitted  in  the  construction of steel  buildings  may be increased 
30 per cent., and  this would  seem to be warranted. It was done 
when  designing the Times building,  in the calculation of all members 
affected by  wind,  The  irregularity of the  steel  construction below 
the first floor required a redistribution of column-loads, and  rendered 
the calculations  more difficult ; but  the same unit stresses and  the 
same  general  methods  were employed in  all  the irregularities of the 
designing. 

Details of Steelwork-All the rolled beams used are American 
standard sections. Beams l 2  inches in depth  and  larger sizes are 
flush on their  top surfaces, which are 4 inches below the finished 
floor. Smaller  beams are flush on the bottom  with the 12-inch 
beams.  The  tie-rods are 9 inch in diameter  and  are placed 4 inches 
above the bottom of the 12-inch beams. About ?c inch was  allowed 
for clearance a t  each end of beams connected to girders,  and  about 
$ inch at each  end of beams  connected to columns. 

The  columns throughout  the  building  are  built of channels  and 
plates (Fig. 10, Plate 3), as called for on  the column-sheet. With few 
exceptions the columns  were  made so that each extends  through 
two  stories  and  carries  two floors ; and  the section was  fixed to  meet 
the requirements of the lower and heavier  story. I n  general the 
columns  were cut off a  little above the  line of the finished floor, as 
near to it as practicable. Each  column was provided  with  a  cap-plate 
9 inch  thick  and  with splice-plates on  two  opposite sides for the con- 
nection of column to column,  as  shown in  the Figure.  These splice- 
plates  were  made $ inch  thick in the lower stories. Where  the  outside 
diameter of one  column was less than  that of the connecting one, the 
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difference was made up  with filler-bars placed under  the splice-plates 
in such  a way that  the axes of the column pieces, one over the  other, 
were  kept in a  straight  line  the  entire  height of the building. It was 
required that all of these  columns  should be  milled a t  each  end  to  a 
smooth m d  uniform  bearing-surface a t  right-angles to  their axes. 

The  columns are  carried  on cast-steel bases, which in  turn  are 
carried  directly on the  granite basestones of the foundations.  They 
are 2 feet to 2 feet 6 inches  high, and  4  feet  to 5 feet  square 
(Figs. 2, 3, and 4, Plate 3). 

Columns Nos. 7 to 12 begin a t  the  fist-floor level. The 
position of these  columns is shown in Fig. 6, Plate 3. They are 
supported  on  girders at  this height  to avoid  interference  with 
the railway-tracks. As the columns in  the underground stories, 
which  support  these  girders,  are  mid-way  between the tracks,  they 
have to be made  as  narrow  as possible a t  right-angles  to the tracks. 
I n  order to secure the required  section  and  strength,  the  other 
dimension of these  columns is necessarily  much greater  than  in 
ordinary  construction. To  economize space and  to  facilitate  both 
the design and  the erection, each  supporting  girder was made 
in  three  separate  units, which were  connected to each other  after 
erection  with  riveted separators. They are  about 5 feet in  depth, 
and each unit  is secured to  the  supporting columns by a  separate 
bracketed  connection, the whole being  calculated to  take  up  the 
lateral  stress of the columns  above and  to secure  rigidity.  The 
details of these  connections are very difficult ; owing  to the  curvature 
of the tracks, each of the supporting  columns  stands in a different 
direction  to the building, and  this  in  turn makes each of the  girder- 
connections come a t  a different angle.  These  points  can be best 
understood  by R careful  examination of the drawings (see section  TT, 
Fig.  14a,  Plate 3). 

It will  also  be noticed that columns Nos. 9 and 11 are carried on 
cantilevers. Heavy girder-connections  were also required at  the 
seventeenth floor, between  columns Nos. 4  and 13, for  the  support 
of columns Nos. 21-A and 21-B. 

The design of the wind-bracing  between  columns Nos. 3 and 20, 
4 and 21, and 8 and 9 has  already  been  outlined,  and  is shown in 
Figs. 7, Plate 3. Channels are used for the web-members in  the 
diagonal  bracing  instead of beams or angles, or plates and angles, 
in order to simplify  connections, and at  the same time  to secure  a 
minimum  thickness of construction. 

With few exceptions, the plate-girders used in  the  spandrel 
construction  up  to the  sixteenth floor, and in the tower  up  to  the 
twenty-first floor, are 30 inches deep. I n  all cases these  spandrel- 
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girders  are connected  to the columns  with  gusset-plates  proportioned 
to develop the  strength of the girder in resistance to  lateral 
deformation.  Additional  metal is also supplied  for the support of 
the walls, so that  the  strength of these  spandrels is greatly in excess 

SECTION BET: COL$ 1-16 SECTION BET: COLS 
3 ? P  FLOOR. 2-3, 5 6 ,  6-7. 11-10, 14-15, 2.? FLOOR. 

DETAILS OF SPANDREL COKSTRUCTION. 

of the  requirements  when the building is not subjected to  stress 
of storm  or  wind. 

Owing to  the  overhanging mass of masonry the  details of the 
spandrel  construction in some  places are  unusually  interesting. 
Such  details  are  shown by Figs. 8 and 9. 

PROBLEM OF VIBRATION. 
Considered apart from the complications  arising out of the 

presence of the subway, the Times building is interesting only 
because of the exceptional features of the work,  due to  the  unusual 
dimensions and  to  the heavy lines of masonry, which give the 
building  its  monumental effect. As compared with the well-known 
'' Flatiron " building, it is smaller on the ground  and  higher,  while 
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the heavy  masonry  made the spandrel  construction  almost  unpre- 
cedented ; but no radical departure  in method of design or in detail 
was  called for by either of these  considerations, 

The. feature of the Times building  which  rendered the problem  of 
its  steel  construction  unusual  is the presence of the Subway, and 
the necessity of so constructing the building that it would receive  no 
vibration  from passing trains. As  already  stated,  this was appre- 
ciated a t  the  very  beginning of the enterprise,  and,  as  far  as possible, 
was provided  for in  the  arrangement  under which both  the subway 
and  the  building were  constructed  and the subway is operated ; it 
was proposed,  therefore, to secure the desired  result by insulating 
the construction  and by cushioning the subway  foundations.  The 
former of these  two  requirements was not perfectly  carried  out, 
yet  the  results  on  the whole have  been so satisfactory that  the 
correctness of the insulation  theory  is fully sustained.  The  founda- 
tions have  already  been  described.  The  sand-cushions  under  the 
footings of the subway-columns  coming down through  the  interior 
of the building  are 12 inches  thick.  The  necessity  for this cushioning 
is  undoubted,  as  in  other  instances of American  buildings of steel- 
frame  construction the vibration of machinery  has  been  carried 
through one  rock  foundation  into  another.  The  other  subway- 
columns  not  only  carry  small  loads but  they  are  not  directly  under 
the building.  Indeed,  they would not have  been  required at  all if 
the only  consideration  had been the  prevention of vibration.  They 
were  used  because  otherwise it would have  been  necessary to carry 
the subway-stringers  on the retaining-wall, which is really the wall 
of the press-room, and  not  a  part of the subway,  a  mixing of 
interests which the preliminary  understanding was particularly 
designed to  prevent. 

The  plan  for the insulation of the two  steel  frames was  well 
carried out,  and  they  are  quite  independent of each other except in 
a  few places of very  small  importance. To a casual  observer the 
two  frames  before  they  were covered with  masonry looked a  terrible 
tangle of steel;  but  they  really worked out very satisfactorily. 
First,  and most conspicuous, were the  great columns midway between 
the  tracks ; these  carried the overhead  girders,  which in  turn sup- 
ported the building.  The  subway floor-stringers, laid always in  the 
line of the  track,  and  the subway floor-girders crossing the  stringers 
a t  right-angles, and  radial  to  the curve, were  worked in between so 
that  they did not come in contact  with  these  greater columns. The 
subway roof  followed the same  lines in avoiding the columns  sup- 
porting the building. 

The  supporting  girders of the building, which have  already been 
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described, occupied the space between the roof of the subway and 
the first floor of the  building, while the ceiling of the press-room, 
the  third  story below the  street, was made an entirely independent 
structure at  the level  of the sub-basement floor, a foot or more 
in  the clear  below the floor of the subway. These lines  and levels 
can be best understood  from  Figs. 5,  11 and 12, Plate 3. 

I n  order that  the insulation should be as thorough as possible, the 
masonry covering of the columns was designed as shown in Figs. 11 
and 12. I n  the case of the columns supporting the building, 
this covering was made solid around and  against  the  metal,  and was 
joined to  the ceiling of the press-room, making the two  one con- 
tinuous body, masonry, steel  framework, and all. I n  the floor of 
the subway, however, an  open space  was left  entirely  around  these 
columns, so that  neither  the  steel  frame of the subway nor the 
masonry in  its massive floor-construction came anywhere in contact 
with them. One exception was required ; at  the narrow end of 
the building, the retaining-wall in  the lowest story, which serves as 
the  north wall of the press-room,  was turned  in from the  street so 
that it came directly  under the  north wall of the building ; and 
columns H and K were of necessity embedded in  this wall. The 
subway floor north of the  building was  made  massive and continuous 
on the underlying rock southward to  this  line,  and  thus enclosed 
these  two columns. 

The covering of the principal subway-columns, on the  other hand, 
was built independently of the metal-work. It encircled and 
enclosed the columns, but a fixed air-space was maintained at all 
points between the covering and  the  metal of the columns. 

Results at first were quite  satisfactory;  neither  the express nor 
the local trains caused any  vibration  in  the building-at least  none 
that could  be felt.  Later, however, a very  slight  vibration occurred ; 
it came on gradually,  and finally became SO pronounced that it could 
be readily detected. Repeated  examinations of the building were 
made, and  the whole subject was carefully re-studied by the 
engineers. It did  not seem possible that  the building could have 
changed, and it was thought from the first that  the vibration  must 
be due  to a change in  the condition of the  permanent way. The 
City owns the subway, which is worked by the  Interborough  Rail- 
way Company ; consequently  both of these  parties were interested. 
Finally,  the  City undertook seismograph observations in  the building 
for the more accurate  determination of the  facts;  but before these 
were completed the  Interborough Company re-laid  the  tracks  through 
the building. The  vibration ceased a t  once, and has not since been 
noticeable. 
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The  examinations  made  by the engineers at  this time  brought  out 
fhe  fact  that while the  structural  insulation  had been completed as 
planned, the insulation of the masonry  work  might  have  been  made 
more  complete. 

One of the large  structural columns  (column E, Figs. 1 and 14, 
Plate 3) which comes a t  the side of the subway  instead of through 
the middle of it, but which is otherwise  similar to columns B, D, F 
and G, was not  insulated.  The subway-floor  was in contact with it 
on one side, and it was embedded in the subway wall on  three sides. 
While no important  structural member  connected to  this column 
was in position to receive the impact of a  passing train directly, 
any vibration  set  up in  the floor and walls of the subway  might 
have been carried to  the column  through the medium of this 
masonry  contact. 

A wall 4 inches  thick and made of hollow terra-cotta blocks, like 
a n  ordinary  partition-wall, was built  along the east side of the base- 
ment  and sub-basement stories of the building (see the large-scale 
plan in Figs. 1 and also Fig.  14). It covered up  the west  wall 
of the subway and served  as an enclosing wall for  these stories. 
This wall  was found  to be built more or less in contact  with the 
subway wall, and  in some  places to be pa.rtly supported  by the iron- 
work of the subway.  The  contact was thus sufficient to cause 
vibration  in  the 4-inch terra-cotta wall, whenever there was vibra- 
tion  in  the subway wall. 

As already  stated, the subway-columns  were supposed t o  pass 
through  the ceiling of the press-room  without  being in contact  with 
it, as  shown in  Fig. 12 ; but  examination showed that  this insula- 
tion was not perfect. After the building was completed,  moisture 
gathered over this ceiling to such an  extent  that  a-  regular  water- 
proo6ng  course  had to be laid  on  the  top surface of the press-room 
ceiling.  This  waterproofing course, a t  least, is in perfect  contact 
with  all .of the subway-columns, and  in some  cases the concrete 
covering of the ceiling immediately  under the water-proofing is 
also in contact  with  them. 

I n  one place the wall of the subway seemed also to be supported 
upon the beams of the sub-basement floor. 

The  retaining-walls  under the subway,  on the east  and  north sides 
of the building, are  in  contact  and completely  connected  with the 
concrete-work of the subway-floor, and  with  its steel-frame  construc- 
tion.  Further  there  is  no  separation between the sidewalk and  the 
roof of the subway, but it is believed that these  points of contact do 
not  materially affect the vibration of the building. 

Seismograph  observations  contributed  additional  and  very  in- 
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teresting  information.  The  seismograph was constructed by Mr. 
A. S. Prince, M. Am. Soc. C.E., who made the observations under  the 
direction and  with  the assistance of Mr. G. H. Clark, M .  Am. SOC. C.E. 
Mr. Prince made a detailed  report of his work, a copy of which 
has been  placed a t  t.he disposal of the  Author  for  the purposes of 
this  Paper. 

The seismograph, which  was of the vertical  pendulum  type, resolved 
its motion  into three  rectangular co-ordinates. It was SO placed 
that one of the horizontal  co-ordinates was east  and west and :he 
other  north  and  south.  All movements  were recorded on ribbons of 
paper,  moving at a fixed rate.  The seismograph was  placed upon 
the fifth floor of the building. 

Observations were first taken  for several  days in  the  latter 
part of October 1906, and  again h te r  from the  9th  to  the 
20th November. The first set of observations proved, to  quote 
from  Mr.  Prince’s  report, “that  little or no  vibration was trans- 
mitted to  the building  from the two  north-bound  tracks,  and that 
the trains on the  two  south-bound  tracks affected the building 
about  equally”;  further,  that  “although  the building was in a 
continual  state of motion, during  the passing of a train  on either. 
south-bound  track,  very  rapid  vertical  vibrations were transmitted 
to  the building.” 

The  north-bound local, or easternmost  track, is  entirely  without 
the limits of the building.  The  north-bound  express track,  next 
to it, passes under  the sidewalk of the building  and over the 
press-room. For about 50 feet the  latter  track  is carried on the steel- 
supported floor of the subway, and passes alongside columns G and K. 
The  fact that  trains on  these  tracks  did not affect the building WRS 

anticipated, but it remained  for the  instrument  to prove it. It 
was a new idea, however, that vertical and  not horizontal  vibrations 
were the cause of the complaint.  The  character of the  vibrations 
could not be  determined  by the senses. 

Before the second set of observations  was  made the speed- 
legulating mechanism governing the movement of the  ribbon of 
paper  was changed, and a telegraphic instrument was attached 
in such a way that  the observer of the passing trains could 
instantly record their movements. The second set of observations 
were  divided  between the south-bound local and express  trains. 
The  results were studied  separately  by  Mr.  Prince.  The local 
trains stopped at  the  station  just  after passing through  the building, 
and the effect of these trains upon the building,  therefore,  was 
harder to  analyse than was the effect of the express trains, which 
passed through  the  building a t  a uniform speed. The observations 
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of the  south-bound  express  trains  made  after  the  instrument  was 
changed,  therefore,  afford the most reliable information  obtained 
with  the seismograph. 

It was during  these observations that  the rails  on the south- 
bound tracks were  renewed.  Fig. 13, Plate 3, is  a reproduction 
of record-ribbons,  showing the  vertical  vibrations  during the 
movements of an express train on the  10th November,  before the 
rails  were  changed,  and  another  on the 20th  November after 
the change  had  been made. The  same figure also shows the 
vibrations  caused by the local train on  these dates. These are 
furnished  by Mr. Prince  as  typical records, A comparison of the 
records will show the difference  between the express and local 
trains,  and between the  trains before the change and  after,  better 
than words  can  express it. 

“ It will  be seen,” Mr. Prince remarks, that “ while there is more 
or less continual  vibration  during the passing of a  train,  at  certain 
intervals the amplitude is suddenly  increased  as  though a succession 
of shocks  were transmitted  to  the building.’’ This is shown  best on 
the records of the local train. Mr. Prince made a special analysis 
of twenty-eight  records  which  were  made  on the  9th  and  10th 
November,  before the  rails were  changed,  with the idea that  i t  
might show that  the vibrations  were  carried  into the building 
through some particular memb,er or members of the building con- 
struction, possibly through  a  particular  column.  Knowing the exact 
position of the head of the  train when the vibrations commenced, 
and also the dimensions of the  train,  the exact  position of the wheel- 
supports could  be determined a t  any  instant  during  the passing 
of a train. Fig. 14,  Plate 3, has been  prepared  by the Author from 
the same  original  data. 

I n  this  Figure  the  main columns are shown in plan, together  with 
the lines of the building  above  ground, the lines of the press-room 
under  the subway, the west  wall of the subway, and  the  centre-lines 
of the railway-tracks.  The  diagram  covers the distance  on the 
south-bound  express  track  from the point a t  which the  front wheels 
of a  passing train had  arrived,  when the first vibrations  were 
detected, to a  point a t  which the  rear wheels  had  arrived,  when the 
last  vibrations  were  detected.  The  length of this express track 
which was affected by the passing trains was about 50 feet,  and the 
horizontal  distances  are  measured  from  bent 775 of the subway 
construction. It will be noted that a determination has  been  made 
for  each  distance of 1 foot, the  entire  length of the diagram. It is 
built  up from the centre-line of the south-bound  express  track, 
located to scale, in order that  the exact  position of each of these 
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points  can be seen in plan, and so that  the relation of the  vibrations 
t o  the lines of the building, and  to  the large  columns which support it, 
can be  recognized at  a glance. The distance  from the centre-line of 
the  track  to  the  continuous  contour-line at  any given  point  indicates 
the  number of times that a pair of car-wheels  arrived  exactly a t  this 
point at  the  instant  that a series of these shocks, referred to by Mr. 
Prince, was transmitted  to  the building. I n  fixing the first of these 
contour-lines, that is, the continuous  one, a shock was counted at  a 
given  point  every  time a pair of wheels arrived at   that  point, 
regardless of the position of other wheels in  the  train.  Under  this 
ruling  the  other wheels of the  train  might be variously  grouped ; 
on  the  other  hand, every time  the  front pair of wheels of any of the 
middle cars arrived a t  a given  point,  the  grouping of the other wheels 
would  be exactly the same  as  when  the front  pair of wheels of the cars 
preceding or following  arrived at  the same  point.  A second contour- 
line, therefore, that is, the one  shown in  the  Figure as a  broken 
line,  is  drawn to show the  counting of shocks  when this  entire 
grouping of wheels  was the same. An  examination of the  full  line 
will show that  the largest  number of times  that a pair of wheels 
came a t  one  point  when  such  shocks  occurred was 34, while the 
smallest  number was 5. The  total  number of positions  recorded in 
this way is 864, and  they include the  situation of every  wheel 
in  a train on  this  length of track  for each series of shocks  recorded 
in Mr. Prince’s twenty-eight records. There were  eight wheels under 
each car, two  pairs  about 6 feet  apart,  near each  end of the  car,  the 
space  between the two  being  about 30 feet. It requires  only  a 
casual  examination of these  two  lines  to  show that  the  repetitions 
are  not sufficiently bunched to indicate that  any one of the big 
columns  supporting the building  is the particular  agency  through 
which the  vibration was carried into  the building.  Likewise, the 
vibration  cannot be traced by this means through  other members 
of the building  structure,  as would  be quite  evident i f  they were 
shown in  the drawing. It would seem,  on the  other  hand,  that if the 
contour-lines  indicate  anything  they  indicate  that  the  track was 
generally in a  bad  condition,  and that  the pounding was continuous 
entirely  around  the curve. For convenience of calculation the 
length of train was taken a t  414 feet ; Mr. Prince gives the  actual 
length a t  412 feet.  The  front wheels of the  train were 79 feet 
north of bent 775 when the first group of shocks  were received, 
and  the  last wheel of the  last car was 28 feet  north when the 
vibration ceased. 

The seismograph  registered  as  many as 23 vibrations  per second ; 
and Mr. Prince  states  that it could probably  have  recorded more. 
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Great  credit is due to him and  to Mr. Clark  for  the accuracy and 
care  with which these  observations  were made. 

It was suspected that  the transmission of the vibrations  might 
have  been through  the  foundations,  but it is altogether  probable 
that it was not so. If it was, there should  have  been some vibration 
in  the building  due to  the passing of the  trains between  columns H 
and K, which are  not only  carried on the rock, but  are also 
practically embedded in it for 20 feet of their  height, while the 
impact of the  train is given to  the rock as  directly  as possible. Mr. 
Prince  particularly  states that no  vibration was transmitted from 
the vicinity of these  columns, and it would  seem that  the observa- 
tions  warrant  his conclusion.  Moreover, it would naturally follow 
that  the building would  be affected by the passing of north-bound 
trains if this were so, for the impact of these trains is also directly 
on  to  the rock  formation,  and,  on the north-bound  express,  under 
conditions  particularly  favourable  to  vibration.  The  north-bound 
express  did not cause the vibrations,  probably because in  the  first 
place it crosses the shortest  portions of the steel-frame-supported 
road-bed, and  in  the second  place, it is  farthest removed  from  those 
points of contact  with the building which have been already  noted. 

I n  view of the facts  brought  out  by  examination of the building 
and  the observations  made  by the aid of seismograph, the following 
conclusions seem to be warranted :- 

(l) That when the  rails were  worn and imperfect,  passing trains 
caused  a distinct  vibration of the building,  while  no  such effect  was 
noticeable a t  other times. 

(2) That  this  vibratory condition could not be carried  into  the 
construction of the  building  through columns B, D, F or G, or the 
framing immediately  connected to them. Their  insulation  warrants 
that conclusion, and  the observations  support it. 

(3) That  in  all  probability  the  vibrations were  not  carried 
into  the  structure of the building through columns H and K. 
Mr. Prince  states,  on the  strength of his  observations, that  they 
were not. The  retaining-mall  between  them  gave  a  direct  and  wide 
distribution  to  the impact of the  train  on  the rock foundation,  which 
ought  to  protect these  columns. 
(4) That  the transmission of these  vibratory effects to  the  steel 

frame of the building is probablyindirect,  and that  the subway floor 
and walls  over the press-room are first set into a  state of vibration. 

(5) That  the imperfect  insulation of column E, and  the  other 
places of contact in  the masonry  work, as  already described, are 
sufficient, taken  together,  to  account  for the result. 

With  trains passing  every  minute, and  often  several  simultaneously, 
the building is ordinarily  not affected. The  trains can be heard, of 
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course, in  the lower stories, but  that is all,  and only during  the  short 
period  when the observations  were  made  has i t  been  otherwise. 

With vibrations of the frequency  here  referred  to, it is sometimes 
difficult to  tell  whether  a  vibration is heard or felt. I n  the Times 
building the  Author found it impossible to do so, until  the 
vibration became very  pronounced. Mr. Prince  states  that  the 
vertical  vibrations, which were the only  ones  large  enough to measure, 
were about  inch before the  track was changed, and  they were 
then reduced  to  about T&lT inch, the period of the  vibration  remaining 
the same, to second. The  latter could  be neither heard  nor felt. 
As the rails  are now laid, not  only the  air  but  the  entire floor must 
be full of wave motion  which  might be communicated to  any object 
in  contact  with it. Even an  instrument  might  not be able to 
detect  these waves in  the Soor of the subway,  though they  might 
become objectionable by causing  actual  vibration of some other  part 
of the construction. 

Some years ago the  Author had occasion to prepare the floor of a 
building to carry  very  heavy  generators.  The floor was made qnite 
strong enough  for the purpose, and when the  generators were in 
operation  no  sound or vibration could  be felt  around  them.  They 
seemed to  the senses  to be solid as rock itself ; yet  not more than 
50 feet away another unoccupied part of the same floor was set in 
vibration to  such an  extent  that it was a  painful  experience to walk 
across it ; in fact, it  frightened  the owners of the building so much 
that  they were afraid  to  run  the generators. 

Recently, in Baltimore, the operation of printing-presses  in  a new 
building caused another  building  to  vibrate  to  such  an  extent that 
the  entire  arrangement of the presses had  to be changed. A third 
building  stood  between the building that vibrated  and  the  new  one, 
but  neither  this  intermediate  building  nor  the one in which the 
presses  were  operated, was affected by the vibration. 

The observations  give  no  information as to how the vertical 
vibrations proceeded to  the  fifth floor where the seismograph 
was placed.  There is no  question  but that  the floor under  the 
seismograph  midway  between the columns  actually moved up  and 
down in the vibrations  as  recorded, but it is  hardly conceivable that 
the walls or columns of the building  actually moved up and down 
in  the same way. It seems  more  probable that a  corresponding 
wave-impact- or energy  existed in the molecular  construction of the 
metal of the columns,  without any  actual movement of the column 
as a whole ; or it may  have  existed in  the walls. This would produce 
actual movement in  the horizontal  members  attached  to the columns 
or  ending in  the walls  wherever they were  not  heavy  enough to 
make that impossible. 
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Wavy  lines were observed,  particularly in  the records of east  and 
west  vibrations,  due  to  wind-forces,  but  they  must be kept  entirely 
distinct from  those  caused  by  passing  trains.  This  horizontal 
movement was continual,  having  periods of 1 second to 23 seconds. 
Mr. Prince  states  that it could only be detected by the  instru- 
ment,  as it was too slow to be appreciable to  the senses, even 
on  a  very  windy  day. On one  day there was an  unusually  strong 
wind, and  the maximum  horizontal  movement at  the  time  on  this 
account was about & inch. It is hard  to  tell  what  this would have 
been at   the top of the  building,  but probably not less than inch. 

Satisfactory  deductions  regarding the deflection of a building 
under wind-pressure are practically impossible. If it were calculated 
from the elasticity of the metal in  the steel  frame, it would  be found 
to be  very  much  greater than  any which actually occurs. The 
rigidity of a  building  against deflection depends  very much upon the 
character  and  quantity of its masonry,  and also upon the  number 
and  arrangement of its partition-walls. 

The discussion of vibration  in  this  Paper does not  pretend to be a 
complete  analysis of the matter,  but only to be a  record of this one 
experience, and  a  contribution, so far  as it may go, to  the general 
subject. It would  seem that,  under many  conditions, the insulation 
of materials  and  structural  members  from  disturbance is the most 
effective way, and  often  might be the most economical  way, of 
preventing  vibration.  Certainly, it was  efficient in  the Times 
building,  where  there  are  often  three or four  railway-trains in  the 
building at  one  time, some stopping  and  others  passing a t  high 
speed.  Probably  no  other  building was ever put  to such a  test. 

It is appreciated that  tall buildings  such  as are nom constructed 
in  the  United  States  are  not likely to be introduced in Europe  to 
any  large  extent ; but  the general  method of design, the loads and 
stresses, the dimensioning of sections, and  the  adaptation of the 
steel  frame  to the support of masonry, are equally  applicable to 
buildings of less height. In  the course of time  lighter walls may 
be  allowed, in place of the heavy  masonry now required. When  that 
time comes, the steel frame will be used to  a  larger  extent,  regardless 
of the  height of the buildings, and it is hoped, therefore, that  the 
information contained  herein may  become useful. 

The  Architects of the building  were Messrs. Cyrus L. W. Eidlitz 
and Andrew C. McKenzie, and  the Consulting En,' nuleers  were 
Messrs. Pnrdy  and  Henderson,  both of New Pork City. 

The  Paper is accompanied  by thirteen  tracings  and  seven  prints, 
from which Plate 3 and  the  Figures  in  the  text have been prepared. 
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